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$B,$ $S^{2}$ $R^{3}$ , . , $\phi$ : $S^{2}arrow$
$S^{2}$ , $H_{\phi}^{1}(B;S^{2}):=$ { $v\in H^{1}(B,$ $R^{3});v(x)\in S^{2}$ for a.e. $x\in B.$ }
. $E(v)$ $:= \int|\nabla v|^{2}dx$ $H_{\phi}^{1}(B;S^{2})$ Harmonic
map . , $u\in H_{\phi}^{1}(B;S^{2})$ harmaonic map , $v(\cdot, t)$ :
$[$-1, $1]arrow H_{\phi^{1}}(B;S^{2})$
(1) $\{\begin{array}{l}v(\cdot,0)=u)\frac{dv(\cdot,t)}{dt}\in C([-l,l]\cdot.H_{o}^{1}\cap L^{\infty}(B.\cdot R^{3}))\end{array}$
$\frac{dE(v)}{dt}(\cdot, t)|_{t=0}=0$
. Harmonic map , .
(2) $\{\begin{array}{l}-\Delta u=u|\nabla u|^{2}u=\phi\end{array}$ $on\partial BinB$





Corollary 1. $u$ $E$ $H_{\phi^{1}}(B;S^{2})$ Minimizer . , $u$
. $x_{0}\in B$ ,
(3) $u(x) \simeq\omega(\frac{x-x_{0}}{|x-x_{0}|})$ for some Harmonic map $\omega$ from $S^{2}$ onto itself
. , $\mu$ $(x):=u(x_{0}+\mu x)$ for $x\in B$
$u_{\mu}arrow\iota’d(X/|x|)$ in $H^{1}s$trongly as $\muarrow 0$ .
Remark 1. $S^{2}$ $S^{2}$ Harmonic map meromorphic anti-meromorphi$c$
. $S^{2}$ $S^{2}$ Harmon$ic$ map $\omega$ ,
$u(x)= \omega(\frac{x}{|x|})$
, $u$ $B$ $S^{2}$ Harmonic map .
, Tangential harmon$ic$ map .
, Harmonic map Minimizer . ,
(4) $\{\begin{array}{l}v(\cdot,0)=u_{0},v(\cdot,1)=u_{l}\frac{dv(\cdot,t)}{dt}\in C([0,1]\cdot.H_{0}^{l}\cap L^{\infty}(B,R^{3}))\end{array}$
$v(\cdot, t)$ : $[0,1]arrow H_{\phi}^{1}(B;S^{2})$ , $u_{0}\equiv u_{1}$
, Minimizer , Harmonic map
(1) .
, Target manifold $S^{2}$ Minimizing sequence
. (Target manifold ,
Harmonic map . ) Minimizer
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Harmonic map , [l,Bethuel-Brezis] , $\phi$
, Harmonic map .
, Minimizer Harmonic map
Relaxed Energy . , Tangential harmonic map




$R\psi(B;S^{2}):=$ { $v\in H_{\phi}^{1}(B;S^{2})$ ; $C^{2}$ . } ,
. , $x_{0}$ , $r$ $v|_{\partial B_{r}(x\text{ })}$ ,
. degree . $u,$ $v\in R_{\phi}(B;S^{2})$
$u,$ $v$ degree $u$ $v$ . $u_{0}$
, (4) $v$ .
$H_{\phi}^{1}(B;S^{2})$ . ) $D:H_{\phi}^{1}(B;S^{2})arrow L^{1}(B;R^{3})$
.
(5) $D(v):=(\begin{array}{l}\wedge v\cdot v_{y}v_{z}\wedge v\cdot v_{z}v_{x}v\cdot v_{x}\wedge v_{y}\end{array})$
$D(v)$ .
(6) $divD(v)=4\pi d;\delta_{x}$ .
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$x$; $v$ , $d$; degree, $\delta$ . )
$u,$ $v\in H_{\phi}^{1}(B;S^{2})$ ,
(7) $L(u, v):= \frac{1}{4\pi}\zeta:Barrow Rsup\{\int_{B}\nabla(\cdot(D(u)-D(v))dx\}$
$[|\nabla(||_{\infty}\leq 1$
, $L(u, v)=0$ $u\equiv v$ . $L$ $R_{\phi}(B;S^{2})$
$L(u, v)= \frac{1}{4\pi}\sup_{(:Barrow R}\{\int_{B}\zeta(divD(u)-divD(v))dx\}$
$\}|\nabla\zeta\{|_{\infty}\leq 1$




Example 1. [2, Brezis-Coron-Lieb] $\phi\equiv(0,0, -1)$ , $d$
.
$R\pm a$ $:=$ { $v\in R_{\phi}(B;S^{2});a\pm=(0,0,$ $\pm 1/2)$ $degree\pm d$ . }
$R\pm a$ Minimizing sequence .
$\omega$ : $\overline{C}arrow S^{2}$ .
(8) $\omega(z):=\Pi(\chi z^{-d})$
\Pi $(0,0,1)$ $R^{2}$ $S^{2}$ , $\chi$ $0\leq\chi\leq 1$ $supp\chi$






$v_{n}\in R\pm a$ , $E(v_{n})arrow 8d\pi$ . $v_{\triangleright}$ .
(10) $\inf_{u\epsilon R\pm}E(v)\geq 8d\pi$
$v_{n}$ ‘ $R\pm a$ Minimizing sequence .
$|L(v)|_{1} \leq\frac{1}{2}|\nabla v|^{2}$
$\int_{B}|L(v)\cdot e|\leq\frac{1}{2}E(v)$
. , $e=(0,0,1)$ . (6) Gauss $v\in R\pm a$




. $v\in R\pm a$ , $E(v)\geq 8d\pi$ , $v_{n}$ R\pm a Minimizing
sequence .
$L$ : $H_{\phi^{1}}(B;S^{2})arrow L^{1}(B;R^{3})$ Relaxed Energy .
$\eta\in R_{\phi}^{1}(B;S^{2})$
(12) $E_{\eta}(v):= \int_{B}|\nabla v|^{2}+8\pi L(\eta_{j}v)$
.
(13) $\min$ $E_{\eta}(v)=$ $\inf$ $E(v)$
$v\epsilon H_{\phi}^{1}(B,\cdot S^{2})$ $v\in H_{\phi}^{1}(B;S^{2})$
$L(\eta,v)=0$
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. $v_{0}\in R_{\phi}(B;R^{3})$ Example 1. ,
(14) $\{\begin{array}{l}L(\eta,u_{n})=0\lim_{narrow\infty}E(u_{n})=E(v_{O})+8\pi L(\eta,v_{0})\end{array}$
$u_{n}$ , $R_{\phi}(B;R^{3})$ $H_{\phi}^{1}(B;R^{3})$
.
$E_{\eta}$ , Minimizer $v_{0}$
$E$ Minimizer , Harmonic map .
Bethuel-Brezis Non-constant Harmonic map $u_{0}$
$\inf E_{\eta}(v)<E_{\eta}(u_{0})$
Relaxed Energy $E_{\eta}$ $\phi$
Harnonic maps .
3.Tangential harmonic maps
$H_{\phi}^{1}(B;S^{2})$ Harmonic maps $E_{\eta}$ Minimizer
B\supp divD(\eta ) .
, Tangential harmonic nap $B\backslash suppdivD(\eta)$
.





Sketch of Proof. $u_{0}$ $:=\phi(x/[x|)$ $u_{0}$ $E_{\eta}$
. $\phi$ degree $\pm 1$ , $\phi$ degree $d\geq 2$ , $\eta$
$d$ . (
. ) $\nu_{1}\ldots\nu_{d}$ $S^{2}$ .
$a\in B$ $u_{a}(x):=\phi(a+t(x-a))$ ( $t>0$ $|a+t(x-a)|=1$






. , (16) $|MI^{2}\leq d(d-2)$ .
, $[$2, \S 7. $C]$ $|M|^{2}\leq d(d-2)$
$\min$ $E_{\eta}(v)<E_{\eta}(u_{0})$
$v\in H_{\ell}^{1}(B;R^{3})$
. , $u_{0}$ Minimizer .
Proposition 1. .
Corollary 2. $u$ $E_{\eta}$ Minimizer , $x_{0}\in B\backslash suppdivD(\eta)$
. , $\mu$ $u_{\mu}(x):=u(x_{0}+\mu x)$ for $x\in B$ ,
$u_{\mu^{\neg}}C$ in $H^{1}$ weakley as $\muarrow 0$ .
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